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(57) A soluble lubricating surface-treated stainless 
steel sheet with excellent shapability for fuel tanks, com- 
prising a substrate having on both surfaces or one sur- 
face thereof a soluble lubricating resin film. Preferably, 
the soluble lubricating resin film mainly comprises (A) 
an alkali-soluble polyurethane resin composition con- 



taining a carboxyl group or a sulfonic acid group within 
the molecule and having a glass transition point of 
100°C or more as a dry film and (B) a lubricating func- 
tion-imparting agent in an amount of from 1 to 30% by 
mass based on the polyurethane composition. 
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Description 



[0001] The present invention relates to a soluble lubricating surface-treated stainless steel sheet with excellent 
shapability for fuel tanks, obtainable by forming a soluble lubricating film, and also relates to a method for man uf act u ring 
5 a fuel tank. 

[0002] The automobile fuel tank has a complicated shape in many cases and is required to have excellent process- 
ability (deep drawing property). Furthermore, the fuel tank is an important protective part of an automobile and therefore, 
as a matter of importance, the material used therefor must be a material which generates no corrosion product giving 
rise to the filter blocking, is free of any fear for formation of a corrosion hole and can be easily and stably welded. A 
10 Pb-Sn alloy plated steel sheet (see, JP-B-57-61833), which is a material having these various properties, is being 
widely used as the material for automobile fuel tanks. This material exhibits stable chemical properties against gasoline, 
excellent press shapability due to excellent lubricity brought by the plating, and good resistance welding property such 
as spot welding and seam welding. However, in recent years, an unleaded material is in demand in view of the load 
on the environment. 

15 [0003] One fuel tank materia! containing no lead is an At-base plated steel sheet. Al exhibits good corrosion resistance 
against gasoline, alcohol or organic acid resulting from deterioration of gasoline, because a stable oxide film Is formed 
on the surface thereof. In producing a fuel tank using the Al plated steel sheet, the weldability and the processability 
are the problems. A treatment for improving these properties is proposed in Japanese Patent Application No. 8-287997. 
[0004] On the other hand, a stainless steel sheet is a fuel tank material capable of satisfying the requirement for 

20 higher corrosion resistance demanded from the standpoint of eliminating the fear for a corrosion hole. The stainless 
steel sheet has both excellent corrosion resistance and good weldability and if it can be processed into a desired tank 
shape, the stainless steel sheet can be an excellent fuel tank material. However, the processability of the stainless 
steel sheet disadvantageously fails to cope with the complicated shape of fuel tanks in many cases. 
[0005] An object of the present invention is to solve these problems and provide a soluble lubricating surface-treated 

25 stainless steel sheet with excellent shapability for fuel tanks, which is obtainable by coating a soluble lubricating film 
on both surfaces or one surface. The object of the present invention includes providing a method for producing a fuel 
tank. 

[0006] This object could be attained by a stainless steel sheet obtained by coating a specific soluble lubricating resin 
film on both surfaces or one surface of an austenite-type stainless steel sheet, a ferrite-type stainless sheet or a two 

30 phase-type stainless steel sheet. 

[0007] More specifically, the soluble lubricating surface-treated stainless steel sheet with excellent shapability for 
fuel tanks according to the present invention is characterized in that the substrate stainless steel sheet is any one of 
an austenlte-type stainless steel sheet, a ferrite-type stainless sheet and a two phase-type stainless steel sheet and 
on both surfaces or one surface thereof, a soluble lubricating resin film Is formed. 

35 [0008] The soluble lubricating surface-treated stainless steel sheet with excellent shapability for fuel tanks according 
to the present invention Is characterized In that the substrate stainless steel sheet is any one of an austenite-type 
stainless steel sheet, a ferrite-type stainless sheet and a two phase-type stainless steel sheet and on both surfaces 
or one surface thereof, a soluble lubricating resin film mainly comprising (A) a soluble polyurethane resin composition 
containing a carboxyl group or a sulfonic acid group within the molecule and having a glass transition point of 100°C 

40 or more as a dry film and (B) a lubricating function-imparting agent in an amount of 1 to 30% by mass based on the 
soluble polyurethane resin composition is formed. By coating with this soluble lubricating resin film, the obtained soluble 
lubricating surface-treated stainless steel sheet for fuel tanks can provide excellent shapability even under severe 
conditions in press molding such as deep drawing and ironing. 

[0009] The soluble lubricating surface-treated stainless steel sheet with excellent shapability for fuel tanks according 
45 to the present invention is characterized in that the substrate stainless steel sheet is any one of an austenite-type 
stainless steel sheet, af errite-type stainless steel sheet and a two phase-type stainless steel sheet and on both surfaces 
or one surface thereof, a soluble lubricating resin film mainly comprising (A) a soluble polyurethane resin composition 
containing a carboxyl group or a sulfonic acid group within the molecule and having a glass transition point of 100°C 
or more as a dry film, (B) a lubricating function-imparting agent in an amount of from 1 to 30% by mass based on said 
so soluble polyurethane resin composition and (C) silica particles in an amount of 1 to 30% by mass based on said soluble 
polyurethane resin composition is provided. By adding silica particles within the above-described range, the adhesive 
property between the soluble lubricating resin film and the stainless steel surface is improved and furthermore, the 
alkali-soluble lubricating film is improved in the film strength and in the galling resistance. 

[001 0] The soluble lubricating surface-treated stainless steel sheet with excellent shapability for fuel tanks according 
55 to the present invention is characterized in that the amount of an acid group contained in the soluble polyurethane 
resin composition constituting the soluble lubricating film is from 30 to 180 in terms of an acid value. By introducing a 
compound having in the polyurethane molecule an acid group in an amount of 30 to 180 as an acid value, the coating 
can have adhesive property to stainless steel and thereby follow the molding even under severe molding conditions 
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despite the fact that the glass transition temperature of the dry film is 1 00°C or more. 

[001 1 ] The soluble lubricating surface-treated stainless steel sheet with excellent shapability for fuel tanks according 
to the present Invention is characterized in that the neutralizer for the acid group contained in (A) the soluble poly- 
urethane resin composition for forming a soluble lubricating resin film is sodium hydroxide or potassium hydroxide. 
5 Since the neutralizing agent for acid group is sodium hydroxide or potassium hydroxide, the solubility necessary in the 
present invention can be achieved. 

[0012] The term "soluble lubricating resin composition" means that the composition can be formed into an aqueous 
solution, emulsion or dispersion to coat the composition on a stainless sheet and the composition after it is coated and 
dried can have a lubricating property and can be solved with an alkali degreasing solution or hot water, for example, 

io so that the composition can be removed from the surface of the stainless sheet. 

[001 3] The soluble lubricating surface-treated stainless steel sheet with excellent shapability for fuel tanks according 
to the present invention is characterized in that the main component constituting (A) the soluble polyurethane aqueous 
composition for forming a soluble lubricating resin film is polyester polyol. Since, the main component constituting (A) 
the soluble polyurethane aqueous composition is polyester polyol, the solubility necessary in the present invention can 

15 be achieved even at low temperatures such as room temperature. 

[001 4] The soluble lubricating surface-treated stainless steel sheet with excellent shapabi lity for fuel tanks according 
to the present invention is characterized in that the main component constituting (A) the soluble polyurethane aqueous 
composition for forming a soluble lubricating resin film is polyether polyoLSince the main component constituting (A) 
the soluble polyurethane aqueous composition is polyether polyol, the coating can have flexibility capable of following 

20 the molding even under severe molding conditions despite the fact that the glass transition temperature of the dry film 
is 100°C or more. 

[001 5] The soluble lubricating surface-treated stainless steel sheet with excellent shapability for fuel tanks according 
to the present invention is characterized in that the lubricating function- imparting agent (B) for forming the soluble 
lubricating film comprises one or more members selected from the group consisting of polyolefin-based wax, fluorine- 
25 containing wax, paraffin-based wax and stearic acid-based wax. By the addition of this lubricating function-imparting 
agent, a low coefficient of dynamic friction is ensured over a wide temperature range and good lubricating performance 
can be obtained. 

[0016] The soluble lubricating surface-treated stainless steel sheet with excellent shapability for fuel tanks according 
to the present invention is characterized in that the substrate is an austenite-type stainless steel sheet comprising, in 

30 % by mass, C: 0,5% or less, Si: 5% or less, Mn: 15% or less, P: 0.1% or less, S: 0.05% or less, Ni: 6 to 20%, Cr: 15 
to 30%, N: 0.5% or less, and Al: 0.001 to 5% with the balance consisting of Fe and inevitable impurities. On considering 
the performance as the tank material, such as corrosion resistance and processability, and the production cost, an 
austenite-type stainless steel sheet comprising the components satisfying the above-described range Is preferred. 
[001 7] The soluble lubricating surface-treated stainless steel sheet with excellent shapability for fuel tanks according 

35 to the present invention is characterized in that the substrate is a ferrite-type stainless steel sheet comprising, in % by 
mass, C: 0.5% or less, Si: 3% or less, Mn: 5% or less, P: 0.1% or less, S: 0.05% or less, Ni: 5% or less, Cr: 9 to 30%, 
N: 0.2% or less, and Al: 0.001 to 5% with the balance consisting of Fe and inevitable impurities. On considering the 
performance as the tank material, such as corrosion resistance and processability, and the production cost, a ferrite- 
type stainless steel sheet comprising the components satisfying the above-described range is preferred. 

40 [0018] The soluble lubricating surface-treated stainless steel sheet with excellent shapability for fuel tanks is char- 
acterized in that the substrate is a two phase-type stainless steel sheet comprising, in % by mass, C: 0.5% or less, Si: 
5% or less, Mn: 15% or less, P: 0.1% or less, S: 0.05% or less, Ni: 2 to 20%, Cr: 12 to 30%, N: 0.5% or less, and Al: 
0.001 to 5% with the balance consisting of Fe and inevitable impurities. On considering the performance as the tank 
material, such as corrosion resistance and processability, and the production cost, a two phase-type stainless steel 

^5 sheet comprising the components satisfying the above-described range is preferred. 

[0019] The soluble lubricating surface-treated stainless steel sheet with excellent shapability for fuel tanks according 
to the present invention is characterized in that the substrate stainless steel sheet, which is any one of austenite-type 
stainless steel sheet, ferrite-type stainless steel sheet and two phase-type stainless steel sheet, further contains one 
or more of, in % by mass, Mo: 0.01 to 8%, Cu: 0.01 to 5%, Ti: 0.01 to 1%, Nb: 0.01 to 1%, V: 0.01 to 1%, Mg: 0.001 

50 to 0.1%, Ca: 0.001 to 0.1%, B: 0.0005 to 0.05% and W: 0.01 to 5%. 

[0020] Figs. 1 A to 1D are views showing the process of manufacturing a fuel tank from a stainless steel sheet ac- 
cording to the present invention. 

[0021] As a result of extensive investigations on the surface-treated stainless steel sheet with excellent shapability 
for fuel tanks, it has been found that the above-described performance can be satisfied by a soluble lubricating surface- 
55 treated stainless steel sheet obtained by coating a soluble lubricating resin film as the surface layer on both surfaces 
or one surface of an austenite-type stainless steel sheet, a ferrite-type stainless steel sheet or a two phase-type stain- 
less steel sheet. Examples of the soluble lubricating resin film include a polyethylene glycol-based film, a polypropylene 
glycol-based film, a polyvinyl alcohol-based film, an acrylic film, a polyester-based film and a polyurethane-based film. 
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For forming a soluble film, the resin must be a resin water dispersion or a water-soluble resin. 
[0022] Examples of the polyethylene gtycol-based film include, in view of the film-forming property, polyethylene 
glycol and moditied polyethylene glycol each having an average molecular weight of 3,000 or more. Examples of the 
modified polyethylene glycol include isocyanate-modified polyethylene glycol and epoxy-modiNecLpolyetriylene glycol. 
[0023] Examples of the polypropylene glycol-based film Include, In view of the film-forming property, polypropylene 
glycol and modified polypropylene glycol each having an average molecular weight of 3,000 or more. Examples of the 
modified polypropylene glycol include isocyanate-modified polypropylene glycol and epoxy-modified polypropylene 
glycol. 

[0024] Examples of the polyvinyl alcohol-based film include completely saponified polyvinyl alcohol, partially sapon- 
ified polyvinyl alcohol and modified polyvinyl alcohol. Examples of the modified polyvinyl alcohol include carboxyl group- 
modified polyvinyl alcohol, sulfonic acid-modified polyvinyl alcohol and acetoacetyl group-modified polyvinyl alcohol. 
[0025] Examples of the acrylic film include copolymers of an acrylic acid, a methacrylic acid, an acrylic acid ester, a 
methacrylic acid ester, maleic acid or itaconic acid. Examples of the acrylic acid ester include methyl acrylate, ethyl 
acrylate, isopropyl acrylate, n-butyl acrylate, 2-ethylhexyl acrylate, 2-hydroxyethyl acrylate, hydroxypropyl acrylate, 
methyl methacrylate, ethyl methacrylate, isopropyl methacrylate, n-butyl methacrylate, isobutyl meth acrylate, n-hexyl 
methacrylate, lauryl methacrylate, 2-hydroxyethyl methacrylate and hydroxypropyl methacrylate. Examples of the co- 
polymer include styrene, acrylamide, vinyl acetate and acrylonitrile. 

[0026] Examples of the polyester-based film include those obtained by thexbndensation polymerization of a poly- 
hydric alcohol and a polybasic acid. Examples of the polyhydric alcohol constituting the polyester include ethylene 
glycol, propylene glycol, 1,3-butylene glycol, 1,6-hexanediol, diethylene glycol, dipropyiene glycol, neopentyl glycol 
and triethylene glycol. Examples of the polybasic acid include phthalic acid anhydride, terephthalic isophthalate, suc- 
cinic acid anhydrate, adipic acid, azelaic acid, sebacic acid, fumaric acid, itaconic acid and maleic acid anhydride. 
[0027] Examples of the pofyurethane-based film include those obtained by the reaction between a polyol such as 
polyester poiyol, polyether polyol or polycarbonate polyol, with an aromatic, aromatic aliphatic, aliphatic or alicyclic 
diisocyanate. 

[0028] For the soluble lubricating resin, various resins may be used, however, in order to form a soluble lubricating 
resin film capable of attaining excellent shapability even under severe press molding conditions such as deep drawing 
or ironing, a lubricating resin film formed using a soluble polyurethane resin composition is particularly effective. The 
soluble polyurethane resin composition constituting the soluble lubricating resin film coated as the surface layer of the 
soluble lubricating surface-treated stainless steel sheet for fuel tanks is described in detail below. 
[0029] The soluble polyurethane resin composition for use in the present invention, which contains a carboxyl group 
or a sulfonic acid group within the molecule and forms a film having, as a dry film, a glass transition temperature of 
100°C or more, can be obtained by reacting a compound having at least two isocyanate groups per one molecule, a 
compound having at least two active hydrogen groups per one molecule and a compound having at least one active 
hydrogen group within the molecule and at the same time, containing an acid group such as carboxyl group and sulfonic 
acid group, and dissolving or dispersing the reaction product in water. 

[0030] Examples of the compound having at least two isocyanates groups per one molecule, which can be used in 
the present invention, include polyisocyanate monomers, for example, aliphatic diisocyanates such as trimethylene 
diisocyanate, tetramethylene diisocyanate, hexamethylene diisocyanate, pentamethylene diisocyanate, 1 ,2-propylene 
diisocyanate, 1 ,2-butylene diisocyanate, 2,3-butylene diisocyanate, 1 ,3-butylene diisocyanate, 2,4,4- or 2,2,4-trimeth- 
y I hexamethylene diisocyanate and 2,6-diisocyanate methyl caproate, alicyclic diisocyanates such as 1 ,3-cyclopentane 
diisocyanate, 1 ,4-cyclohexane diisocyanate, 1 ,3-cyclohexane diisocyanate, 3-isocyanatemethyl-3,5,5-trirnethylcy- 
clohexyl isocyanate, 4,4 , -methylenebis(cyclohexyl isocyanate), methyl-2,4-cyclohexane diisocyanate, methyl-2,6-cy- 
clohexane diisocyanate, 1 ,4-bis(isocyanate methyl)cyclohexane, 1 ,3-bis(isocyanate methyl)cyclohexane and nor- 
bornene diisocyanate, aromatic diisocyanates such as m-phenylene diisocyanate, p-phenylene diisocyanate, 4,4- 
diphenyl diisocyanate, 1 ,5-naphthalene diisocyanate, 4,4 , -diphenylmethane diisocyanate, 2,4- or 2,6-tolylene diisocy- 
anate and a mixture thereof, 4,4'-toluidine diisocyanate, dianisidine diisocyanate and 4,4'-diphenyl ether diisocyanate, 
aromatic aliphatic diisocyanates such as 1 ,3- or 1 ,4-xylylene diisocyanate and a mixture thereof, co.w'-diisocyanate- 
1 ,4-diethylbenzene, 1 ,3- or 1 ,4-bis(1 -isocyanate-1 -methylethyl)benzene and a mixture thereof, tri isocyanates such as 
triphenylmethane-4,4*,4 u -triisocyanate(?), 1 ,3,5-triisocyanate benzene, 2, 4, 6-tri isocyanate toluene and 1 ,3,5-triisocy- 
anate hexane, and tetraisocya nates such as 4,4'-diphenyldimethylethane-2,2 , ,5,5 , -tetraisocyanate; polyisocyanates 
having a 2,4,6-oxadiazinetrione ring, obtained from the above-described polyisocyanate monomer and a dimer, trimer 
biuret, allophanate, carbodiimide or carbonic acid gas derived from the above-described polyisocyanate monomer, for 
example, adducts of a low molecular weight polyol having a molecular weight of less than 200 to the above-described 
polyisocyanate monomer, such as ethylene glycol, propylene glycol, butylene glycol, 1,6-hexane glycol, neopentyl 
glycol, 3-methyl-1 ,5-pentanediol, 3,3-dirnethylolheptane, cyclohexanedimethanol, diethylene glycol, triethylene glycol, 
dipropyiene glycol, glycerol, trimethylolpropane, pentaerythritol and sorbitol, and adducts to the above-described 
polyisocyanate monomer, such as polyester polyol having a molecular weight of 200 to 200,000, polyether polyol, 
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polyether ester polyol, polyesteramide polyol, polycaprolactone polyol, polyvalerolactone polyol, acryl polyol, polycar- 
bonate polyol, polyhydroxyalkane, castor oil and polyurethane polyol. 

[0031] These various compounds having an isocyanate group may be used, however, in order to attain a sufficiently 
high processability with a glass transition temperature of 100°C or more, an aromatic, aromatic aliphatic or alicyclic 

5 Isocyanate compound Is preferably used and reacted. 

[0032] With respect to the compound having at least two active hydrogen groups per one molecule, examples of the 
compound having active hydrogen include compounds having an amino group, a hydroxyl group or a mercapto group. 
Among these, in view of the reaction rate with isocyanate group and the mechanical properties after the coating, com- 
pounds having a hydroxyl group are preferred. In the compound having active hydrogen group, the number of functional 

10 groups is preferably from 2 to 6, more preferably from 2 to 4, from the standpoint of keeping good mechanical properties 
of the coating. The molecular weight of the compound having an active hydrogen group is, in view of the concentration 
of urethane bond affecting the performance of the finally obtained coating or the workability in the production, preferably 
from 200' to 10,000, more preferably from 300 to 5,000. 

[0033] Examples of the compound where the active hydrogen is a hydroxyl group include polyester polyol, polyether 
*5 polyol, polyether ester polyol, polyesteramide polyol, acryl polyol, polycarbonate polyol, polyhydroxyalkane, castor oil, 
polyurethane polyol and a mixture thereof. For the purpose of controlling the urethane group concentration and thereby 
optimizing the properties of the coating, a low molecular weight polyol having a molecular weight of 62 to 200, other 
than the above-described polyol, may further be mixed. Specific examples, olthe tow molecular weight polyol include 
glycols used in the production of polyester polyol, such as ethylene glycol, propylene glycol, 1 ,3-propanediol, 1 ,4-bu- 
20 tanediol, 1 ,5-pentanediol, 1 ,6-hexanediol, 1 ,9-nonanediol, 1,8-nonanediol, neopentyl glycol, 2-methylpentandiol, 
3-methylpentanediol, 3,3-dimethylolheptane, 2,2,4-trimethyl-1,3-pentanediol, 2,4-diethyl-1 ,5-pentanediol, diethylene 
glycol, dipropylene glycol, 1 ,4-cyclohexanediol and 1 ,4-cyclohexanedimethanol; and compounds such as glycerin, 
trimethylolpropane and pentaerythritol. 

[0034] These various compounds having an active hydrogen group may be used, however, in orderto attain solubility 
25 in an alkaline degreasing solution at a low temperature such as room temperature, polyester polyol and polyurethane 
polyol constituted by polyester polyol are preferred. Furthermore, in order to obtain a coating having flexibility capable 
of following the molding even under severe molding conditions despite the fact that the glass transition temperature 
of the dry film is 1 00°C or more, polyether polyol and polyurethane polyol constituted by polyether polyol are preferred. 
[0035] Examples of the compound having at least one active hydrogen group within the molecule and at the same 
30 time, having an acid group such as carboxyl group or sulfonic acid group include sulfonic acid-containing compounds, 
their derivatives and polyester polyols obtained by the copolymerization thereof, such as 2-oxyethanesulfonic acid, 
phenolsulfonic acid, sulfobenzoic acid, sulf osuccinic acid, 5-sulfoisophthalic acid, sulfanyl acid, 1 ,3-phenylenediamine- 
4,6-dlsulfonlc acid and 2,4-dlaminotoluerie-5-sulfonlc acid; carboxyl group-containing compounds, their derivatives 
and polyester polyols obtained by the copolymerization thereof, such as 2,2-dimethylolproplonic acid, 2,2-dimethylol- 
35 butyric acid, 2,2-dimethylolvaleric acid, dioxymaleic acid, 2,6-dioxybenzoic acid and 3,4-diaminobenzoic acid; and car- 
boxyl group-containing compounds obtained by the reaction of a compound having an anhydrous group, such as maleic 
anhydride, phthalic anhydride, succinic anhydride, trimellitic anhydride and pyromellitic anhydride, with a compound 
having an active hydrogen group, and their derivatives. 

[0036] For Introducing a carboxyl group or sulfonic acid group into the alkali-soluble polyurethane resin composition, 
40 at least one of the above-described acid group-containing compounds may be coporymerized at the production of the 
polyurethane prepolymer or may be reacted at the chain elongation reaction. The acid group is introduced into the 
polyurethane molecule within the acid value range of 30 to 1 80, whereby although the glass transition temperature of 
the dry film is 1 00°C or more, the coating can have adhesive property to stainless steel and thereby follow the molding 
even under severe molding conditions. 
45 [0037] In order to satisfactorily dissolve or disperse the alkali-soluble polyurethane resin composition in water, a 
neutralizer is used to neutralize the carboxyl group or sulfonic acid group in the polyurethane resin composition. 
[0038] Examples of the neutralizer which can be used include basic substances, for example, tertiary amines such 
as ammonia, triethylamlne, triethanolamine, triisopropanolamine, trimethylamine and dimethylethanolamine, and alkali 
metal hydroxides such as sodium hydroxide and potassium hydroxide. These may be used individually or in combination 
50 of two or more thereof. The neutralizer may be added directly to the polyurethane prepolymer or may be added to 
water when the composition is dissolved or dispersed in the water. The amount of the neutralizer added is from 0.1 to 
2.0 equivalents, preferably from 0.3 to 1 .3 equivalents, based on the hydrophilic group. 

[0039] In order to attain the good alkali-solubility required in the present invention, sodium hydroxide or potassium 
hydroxide is preferably contained as the neutralizer, 
55 [0040] Furthermore, in order to further improve the dissolving or dispersing property of the alkali-soluble polyurethane 
resin composition in water, e.g. a surfactant may be used. 

[0041] In synthesizing the polyurethane prepolymer, an organic solvent may also be used. In the case of using an 
organic solvent, specific examples thereof include acetone, methyl ethyl ketone, ethyl acetate, acetonitrile and N- 
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methylpyrrolidone. The amount of the organic solvent is preferably on the order of 3 to 50% by mass based on the 
reaction raw materials. 

[0042] The polyurethane prepolymer is dissolved or dispersed in water using a homogenizer, a mixer or the like. At 
this time, the temperature is preferably on the order from room temperature to 70°C so as to prevent-the evaporation 
of the basic substance which is neutralizing the hydrophllic group or to ensure workability. At the dispersion in a medium 
such as water, the concentration of the polyurethane resin composition is preferably from 1 0 to 50% by mass so as to 
prevent the excessive elevation of viscosity and keep the storage stability. 

[0043] Also, another chain-elongating agent may be reacted to increase the molecular weight. The chain-elongating 
agent used may be, for example, a known polyamine compound. Examples of the pofyamine compound include di- 
amines such as ethylenediamine, 1 ,2-propanediamine, 1 ,6-hexamethylenediamine, piperazine, 2,5-dimethylpipera- 
zine, isophorondiamine, A^'-dicyclohexylmethanediamine, S^'-dimethyl-A^-dicyclohexylmethanediamine and 
1 ,4-cyclohexanediamine; polyamines such as diethylenetriamine, dipropylenetriamine, triethylenetetramine and tetra- 
ethylenepentamine; compounds having an amino group and a hydroxyl group, such as hydroxyethylhydrazine, hydrox- 
yethyldiethylenetriamine, 2-[(2-aminoethyl)amino]ethanol and 3-aminopropanediol; hydrazines; and acid hydrazides. 
These polyamine compounds may be used individually or in a combination of two or more thereof. 
[0044] The alkali-soluble polyurethane resin composition according to the present invention may contain, if desired, 
a film formation aid, a leveling agent, a defoaming agent and a weather resistant stabilizer. 
[0045] The lubricating function-imparting agent is described below. " -'" " 

[0046] The lubricating function -imparting agent has an action of reducing the coefficient of friction on the surface to 
impart higher lubricity and thereby preventing galling and the like to improve the processability in press molding or 
ironing. The lubricating function-imparting agent may be any insofar as it imparts a lubricating performance to the 
obtained film, but preferably comprises one or more selected from polyolefin-based wax (e.g., polyethylene, polypro- 
pylene), fluorine-containing wax (e.g., polytetrafluoroethylene, polychlorotrifluoroethylene, pofyvinylidene fluoride, pol- 
yvinyl fluoride), paraffin-based wax and stearic acid-based wax. 

[0047] The granulated lubricating function-imparting agent preferably has an average particle size of 1 0 ujti or less. 
If the average particle size exceeds 10 u,m, the film loses the continuity and uniformity and this gives rise to reduction 
in the adhesion of the lubricating film to the substrate steel sheet, reduction in the adhesion of a coating material, 
separation of the lubrication-imparting agent and moreover, reduction in the storage stability as a coating material 
composition. The average particle size of the lubricating function-imparting agent is preferably from 0.5 to 6 urn. The 
amount of the lubricating function-imparting agent added is preferably from 1 to 30% by mass based on the solid 
contents of the soluble polyurethane resin composition. If the amount added is less than 1%, the required lubricating 
effect cannot be obtained, whereas if it exceeds 30% by mass, the film strength may decrease or separation of the 
lubrication-Imparting agent may disadvantageous ly occur. The content of the lubricating function-Imparting agent is 
more preferably from 5 to 20% by mass. 

[0048] Silica is added in the case of improving the film strength or the adhesive property to the substrate surface. 
The silica particle may be any silica particle such as water dispersion colloidal silica, pulverized silica and vapor phase 
silica. For bringing out the processability or corrosion resistance of the film, the primary particle size is preferably from 
2 to 30 nm and the secondary aggregate particle size is preferably 100 nm or less. The amount added of silica is 
preferably from 1 to 30% by mass based on the solid contents of the polyurethane resin composition. If the amount 
added is less than 1%, a sufficiently high effect of improving the corrosion resistance cannot be obtained and the 
adhesion to the lower layer cannot be satisfactorily enhanced, whereas if it exceeds 30%, the film is less stretched 
and therefore, the processability decreases to readily generate galling. 

[0049] The soluble lubricating resin film for covering the soluble lubricating surface-treated stainless steel sheet for 
fuel tanks of the present invention may contain, in addition to the components (A), (B) and (C), e.g. a pigment for 
imparting a design property, an electrically conducting additive for imparting electrical conductivity, a thickening agent, 
a defoaming agent, a dispersant, a desiccating agent, a stabilizer, an antiskinning agent, an antifungal agent, an an- 
tiseptic agent and an antif reezing agent according to the purpose within the range of not reducing the physical properties 
of resin. 

[0050] The thickness of the soluble lubricating resin film covering the soluble lubricating surface-treated stainless 
steel sheet for fuel tanks of the present invention is preferably from 0.5 to 1 0 u.m. If the thickness is less than 0.5 urn, 
scratches reaching the plating layer cannot be prevented due to a pressure imposed at the working and at the same 
time, the required processability cannot be obtained due to sliding, whereas if the thickness exceeds 1 0 u,m, generation 
of powder dropped out from the coating increases and the metal mold must be cleaned on many occasions to decrease 
the productivity. The lubricating resin film covering the lubricating surface-treated stainless steel sheet for fuel tanks 
of the present invention is coated on both surfaces or on one surface according to the use. 

[0051] The soluble lubricating resin film covering the soluble lubricating surface-treated stainless steel sheet for fuel 
tanks of the present invention may be formed by coating the composition using a conventionally known method such 
as roll coater application or spray coating, and then baking the coating. 



6 




EP 1 186 351 A1 

[0052] In the present invention, the substrate may be treated with phosphate or chromate so as to increase the 
corrosion resistance and the adhesive property. In this case, the chromate treatment is any one of electrolysis-type 
chromate treatment, reaction-type chromate treatment and coating-type chromate treatment. The chromate film is 
preferably formed by coating a chromate solution prepared by adding silica, phosphoric acid and at least one hydrophilic 

5 resin to reduced chromic acid, and drying the solution. 

[0053] The amount of phosphate attached is from 0.5 to 3.5 g/m 2 in terms of phosphate and the amount of chromate 
attached is, in terms of metal chromium, preferably from 5 to 150 mg/m 2 , preferably from 10 to 50 mg/m 2 . If the amount 
attached is less than 5 mg/m 2 , an excellent anticorrosion effect cannot be obtained, whereas if it exceeds 150 mg/m 2 , 
the processability is deteriorated and, for example, the chromate film undergoes cohesive failure during shaping. Ac- 

10 cording to the purpose, the substrate may further be subjected to an acid washing treatment, an alkali treatment, an 
electrolytic reduction treatment, a cobalt plating treatment, a. nickel plating treatment, a sitane coupling treatment or 
an inorganic silicate treatment. In the soluble lubricating surface-treated stainless steel sheet for fuel tanks of the 
present invention, a lubricating oil or a lubricating and rust-preventing oil may further be coated as the upper layer of 
the soluble lubricating resin film. The lubricating oil or lubricating and rust-preventing oil, however, preferably does not 

15 swell or dissolve the soluble lubricating resin film. 

[0054] In the soluble lubricating surface-treated stainless steel sheet with excellent shapability for fuel tanks accord- 
ing to the present invention, the austenite-type stainless steel sheet used as the substrate preferably comprises, in % 
by mass, C: 0.5% or less, Si: 5% or less, Mn: 15% or less, P: 0.1% or less, S;.0.Q5% or less, Ni: 6 to 20%, Cr: 15 to 
30%, N: 0.5% or less and Al: 0.001 to 5%, with the balance being Fe and inevitable impurities. By satisfying this range, 

20 the performance as the tank material, such as corrosion resistance and processability, and the production cost can be 
satisfied. 

[0055] In the soluble lubricating surface-treated stainless steel sheet with excellent shapability for fuel tanks accord- 
ing to the present invention, the ferrite-type stainless steel sheet used as the substrate preferably comprises, in % by 
mass, C: 0.5% or less, Si: 3% or less, Mn: 5% or less, P: 0.1% or less, S: 0.05% or less, Ni: 5% or less, Cr: 9 to 30%, 
25 N: 0.2% or less and Al: 0.001 to 5%, with the balance being Fe and inevitable impurities. By satisfying this range, the 
performance as the tank material, such as corrosion resistance and processability, and the production cost can be 
satisfied. 

[0056] In the soluble lubricating surface-treated stainless steel sheet with excellent shapability forfuel tanks accord- 
ing to the present invention, the two phase-type stainless steel sheet used as the substrate preferably comprises, in 
30 % by mass, C: 0.5% or less, Si: 5% or less, Mn: 15% or less, P: 0.1% or less, S: 0,05% or less, Ni: 2 to 20%, Cr: 12 
to 30%, N: 0.5% or less and Al: 0.001 to 5%, with the balance being Fe and inevitable impurities. By satisfying this 
range, the performance as the tank material, such as corrosion resistance and processability, and the production cost 
can be satisfied. 

[0057] In the soluble lubricating surface-treated stainless steel sheet with excellent shapability forfuel tanks accord- 
55 jng to the present invention, the substrate stainless steel sheet, which is any one of austenite-type stainless steel sheet, 
ferrite-type stainless steel sheet and two phase-type stainless steel sheet, may further contain one or more member 
of, in % by mass, Mo: 0.01 to 8%, Cu: 0.01 to 5%, Ti: 0.01 to 1%, Nb: 0.01 to 1%, V: 0.01 to 1%, Mg: 0.001 to 0.1%, 
Ca: 0.001 to 0.1%, B: 0.0005 to 0.05% and W: 0.01 to 5%. 

[0058] After the coating of the soluble lubricating resin film, the soluble lubricating surface-treated stainless steel 
40 sheet of the present invention is subjected to molding such as press molding, deep drawing or ironing. Even when 
such severe processing is applied, by virtue of excellent processability and lubricity of the soluble lubricating resin film 
of the present invention, sufficiently high shapability can be obtained and scratching or galling on the steel sheet surface 
can be prevented. 

[0059] After the soluble lubricating, surf ace-treated stainless steel sheet covered with the soluble lubricating resin 
45 film of the present invention is mold-processed as such, the lubricating resin film may be removed by a treatment with 
an alkali, hot water or a solvent. Furthermore, after the removal of the soluble lubricating resin film, the stainless steel 
sheet of the present invention can be welded to produce a fuel tank. The soluble lubricating resin film of the present 
invention has good solubility and therefore, causes no adverse effect at the welding. 

[0060] The formation of a lubricating film of a soluble lubricating surface-treated stainless steel sheet coated with a 
so soluble lubricating resin film of the present invention, the mold processing, the removal of the lubricating resin film and 
the production of a fuel tank by welding are described below by referring to Figs. 1 A to 1 D. The soluble lubricating 
resin film 2 of the present invention is coated on a stainless steel sheet 1 to prepare a soluble lubricating surface- 
treated stainless steel sheet (see, Fig. 1A). This stainless steel sheet covered with a soluble lubricating resin film is, 
for example, deep-drawn to obtain a molded article 3. This molded article comprises a stainless steel sheet 1 and a 
55 lubricating resin film 2 and scratches and galling are not observed on the steel sheet 1 (see, Fig. 1B). After the mold 1 
processing, the molded article 3 was treated with an alkali solution or hot water using a spray method or a dipping 
method to remove the lubricating resin film 2 (see, Fig. 1C). Thereafter, the molded article 3 from which the lubricating 
film is removed is welded to manufacture a fuel tank 4 (Fig. 1 D). 



7 



MSDCCID: <EP 1 186351 A1_l_> 





EP 1 186 351 A1 



EXAMPLES 

[0061] The present invention is described below by referring to Examples. 
5 1. Tested Materials 

[0062] Stainless steel sheets each having a constituent construction shown in Table 1 were used as the original plate 
of the soluble lubricating surface-treated stainless steel sheet for fuel tanks of the present invention. 

to 2. Production of Soluble Polyurethane Aqueous Composition 

(Production Example 1) 

[0063] To four-neck flask equipped with a stirrer, a Dimroth condenser, a nitrogen inlet, a silica gel dry pipe and a 
15 thermometer, 87.11 g of 3-isocyanatemethyl-3,5,5-trimethylcyclohexylisocyanate, 31.88 g of 1 ,3-bis(1«isocyanate- 
1 -methylethyl)benzene, 41 .66 g of dimethylolpropionic acid, 4.67 g of triethylene glycol, 62.1 7 g of polyester polyol 
with a molecular weight of 2,000 comprising adipic acid, neopentyl glycol and 1 ,6-hexanediol, and 122.50 g of ace- 
tonitrile as a solvent were added. After elevating the temperature to 70°C, the mixture was stirred for 4 hours in a 
nitrogen atmosphere and by confirming that a predetermined amine equivalent was reached, an acetonitrile solution 
20 of polyurethane prepolymer was obtained. Thereafter, 346.71 g of the obtained polyurethane prepoiymer solution was 
dispersed in an aqueous solution containing 12.32 g of sodium hydroxide dissolved in 639.12 g of water using a ho- 
modisperser and thereby formed into an emulsion. To this polyurethane emulsion, 12.32 g of 2-[(2-aminoethyl)amino] 
ethanol diluted with 110.88 g of water was added and allowed to cause a chain elongation reaction. Subsequently, the 
acetonitrile used in the synthesis of polyurethane prepolymer was removed by distillation at 50°C under reduced pres- 
25 sure of 150 mmHg to obtain substantially solventless Polyurethane Emulsion A having an acid value of 6**. s solid 
concentration of 25% and a viscosity of 30 mPa-s. 

(Production Example 2) 

30 [0064] To four-neck flask equipped with a stirrer, a Dimroth condenser, a nitrogen inlet, a silica gel dry pipe and a 
thermometer, 132.49 g of 3-isocyanatemethyl-3,5,5-trimethylcyclohexylisocyanate, 48.49 g of 1 ,3-bis(1-isocyanate- 
1-methylethyl)benzene, 57.09 g of dimethylolpropionic acid, 10.61 g of triethylene glycol, 141 .31 g of polyester polyol 
comprising adipic acid, neopentyl glycol and 1 ,6-hexanediol and having a molecular weight of 2,000, and 210.00 g of 
acetone as a solvent were added. After elevating the temperature to 50°C, the mixture was stirred for 7 hours In a 

35 nitrogen atmosphere and by confirming that a predetermined amine equivalent was reached, an acetone solution of 
polyurethane prepolymer was obtained. Thereafter, 485.97 g of the obtained polyurethane prepolymer solution was 
dispersed in an aqueous sodium hydroxide solution containing 13.80 g of sodium hydroxide dissolved in 667.12 g of 
water using a homodisperser and thereby formed into an emulsion. To this polyurethane emulsion, 1 5.32 g of 2-[(2-ami- 
noethy!)amino]ethanol diluted with 137.88 g of water was added and allowed to cause a chain elongation reaction. 

40 Subsequently, the acetone used in the synthesis of polyurethane prepolymer was removed by distillation at 50°C under 
reduced pressure of 150 mmHg to obtain substantially solventless Polyurethane Emulsion B having an acid value of 
56, a solid concentration of 30% and a viscosity of 1 00 mPa-s. 

(Production Example 3) 

45 

[0065] To four-neck flask equipped with a stirrer, a Dimroth condenser, a nitrogen inlet, a silica gel dry pipe and a 
thermometer, 120.69 g of 3-isocyanatemethyl-3,5,5-trimethylcyclohexylisocyanate, 44.17 g of 1,3-bis(1-isocyanate- 
1-methylethyl)benzene, 47.06 g of dimethylolpropionic acid, 1 2.44 g of triethylene glycol, 1 65.65 g of polyester polyol 
comprising adipic acid, neopentyl glycol and 1 ,6-hexanediol and having a molecular weight of 2,000, and 210.00 g of 

so acetonitrile as a solvent were added. After elevating the temperature to 70°C ! the mixture was stirred for 5 hours in a 
nitrogen atmosphere and by confirming that a predetermined amine equivalent was reached, an acetonitrile solution 
of polyurethane prepolymer was obtained. Thereafter, 491 .37 g of the obtained polyurethane prepolymer solution was 
dispersed in an aqueous sodium hydroxide solution containing 11 .50 g of sodium hydroxide dissolved in 678.01 g of 
water using a homodisperser and thereby formed into an emulsion. To this polyurethane emulsion, 14.1 1 g of 2-[(2-ami- 

55 noethyl)amino]ethano! diluted with 126.99 g of water was added and allowed to cause a chain elongation r reaction. 
Subsequently, the acetone used in the synthesis of polyurethane prepolymer was removed by distillation at 50°C under 
reduced pressure of 150 mmHg to obtain substantially solventless Polyurethane Emulsion C having an acid value of 
47, a solid concentration of 30% and a viscosity of 35 cps. 
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(Production Example 4) 

[0066] To four-neck flask equipped with a stirrer, a Dimroth condenser, a nitrogen inlet, a silica gel dry pipe and a 
thermometer, 87.11 g of S-isocyanatemethyl-a.S.S-trimethylcyclohexylisocyanate, 31.88 g of 1 ,3-bis(1-isocyanate- 

5 1 -methylethyl)benzene, 41 .66 g of dimethylolproplonic acid, 4.67 g of Methylene glycol, 62.1 7 gbTpolytetramethylene 
ether glycol having a molecular weight of 2,000 and 122.50 g of acetonitrile as a solvent were added. After elevating 
the temperature to 70°C, the mixture was stirred for 6 hours in a nitrogen atmosphere and by confirming that a prede- 
termined amine equivalent was reached, an acetonitrile solution of polyurethane prepolymer was obtained. Thereafter, 
346.71 g of the obtained polyurethane prepolymer solution was dispersed in an aqueous solution containing 12.32 g 

10 of sodium hydroxide dissolved in 639.12 g of water using a homodisperser and thereby formed into an emulsion. To 
this polyurethane emulsion, 12.32 g of 2-[(2-aminoethyl)amino]ethanol diluted with 110.88 g of water was added and 
allowed to cause a chain elongation reaction. Subsequently, the acetonitrile used in the synthesis of polyurethane 
prepolymer was removed by distillation at50°C under reduced pressure of 150mmHgto obtain substantially sotventfess 
Polyurethane Emulsion D having an acid value of 69.0, a solid concentration of 25% by mass and a viscosity of 30 

15 mPa-s. 



20 



25 



3. Production of Soluble Lubricating Surface-Treated Stainless Steel Sheet for Fuel Tanks 

(Example 1) 

[0067] 



Soluble polyurethane aqueous composition obtained in Production Example 
1 

Solid Lubricant (Note 1) 



500 parts by weight 
37 parts by weight (1 0*) 



(Note 1) Solid lubricant: Low-density polyethylene wax resin having a softening point or 110°C and an average particle size of 2.5 urn, the soDd 
content percentage: 40% 

("amount added per 100 of urethane resin solid content) 



[0068] A lubricating film having this construction and having a compositional ratio shown in Table 1 was formed on 
the stainless steel sheet prepared above through coating by a bar coater and then baked and dried in a heating furnace 
at 180°C while setting the temperature of the metal sheet to reach 80°C. 



Table 1 



35 



45 



Chemical Components (unit: %) 




C 


Si 


Mn 


P 


S 


Ni 


Cr 


Mo 


Cu 


N 


Tl 


Austenite-type A 


0,019 


0.38 


0.88 


0.028 


0.003 


9.58 


18.09 






0.038 




Austenite-type B 


0.018 


0.44 


0.85 


0.026 


0,001 


12.26 


17.21 


2.82 




0.035 




Austenite-type C 


0.033 


1.43 


1.07 


0.028 


0.001 


6.85 


17.17 




2.23 


0.060 




Austenite-type D 


0.028 


1.85 


0.69 


0.021 


0.015 


10.03 


17.87 


0.64 


2.09 


0.045 




Ferrite-type E 


0,004 


.0.09. 


.0.13 


0.024 


0.001 




17.45 


1.19 




0.012 




Ferrlte-type F 


0.010 


0.50 


0.35 


0.024 


0.007 




11.05 








0.23 


Two phase-type G 


0.020 


0.46 


1.75 


0.020 


0.001 


5.15 


21.68 


2.93 




0.130 





(Examples 2 to 52 and Comparative Examples 1 to 7) 

50 

[0069] Soluble lubricating surface-treated stainless steel sheets of Examples 2 to 52 were obtained in the same 
manner as in Example 1 except for changing the substrate stainless steel sheet and the soluble lubricating film com- 
position as shown in Table 1 . 

[0070] In addition to the soluble polyurethane resin composition above, the soluble lubricating film was formed using: 

55 

• Polyethylene glycol having a molecular weight of 20,000 

• Isocyanate-modified polyethylene glycol having a molecular weight of 60,000 
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• Polypropylene glycol having a molecular weight of 20,000 

• Complete sapon If icati on-type polyvinyl alcohol 

• Acrylic resin comprising a mixture of acrylic acid/styrene/maleic acid 

3 [0071] The silica used was colloidal silica having an average particle size of 1 0 to 20 nm, a pH of 8.6 and a heating 
residue of about 20%. 

[0072] In comparative examples, only a lubricating oil (Wax #1 22, produced by Johnson) was coated on the stainless 
steel sheet. 

10 4, Evaluation of Performance 

[0073] The obtained samples were tested and evaluated on the performance as follows. 

(1) , Measurement of Glass Transition Temperature 

15 

[0074] The dynamic viscoelasticity was measured using a viscoelasticity spectrometer Model VHS (manufactured 
by Iwamoto Seisakusho) under the conditions such that the frequency was 1 0 Hz, the temperature elevating rate was 
5.0°C/mln, the sample length was 5 cm and the amplitude was 0.01 mrrvThe peak of tan 5 was designated as the 
glass transition temperature. 

20 

(2) Measurement of Press Shapability 

[0075] A molding test was performed using a hydraulic molding tester with a cylindrical punch under the following 
conditions and the limiting drawing ratio (LDR) and after the processing, the moid galling property by the appearance 
25 were evaluated. The evaluation was performed using two levels of temperature condition in the molding test, namely, 
at room temperature and elevated temperature (100°C). 

• Punch size: 40 mm<t> 

• Blank size: 68 to 97.5 mm 
30 • Die size: 43 mm<t> 

• Load for unwrinkling: 1 ton 

• Untreated material was coated with lubricant oil Johnson Wax #122, the lubricating resin coated material was not 
coated with lubricating oil. 



35 



45 



50 



55 



[0076] The evaluation of mold galling property was made according to the following criteria: 



@ No defect on steel sheet surface. 

O. - Jo defect on steel sheet surface; sliding face was slightly discolored. 
A: Galling was slightly generated on the steel sheet surface. 
40 x : A large number of linear galls were generated on the steel sheet surface. 

(3) Evaluation of Degreasing Property 



[0077] Degreasing Solution FC-435S (produced by Nippon Parkerising, adjusted to a pH of 1 0.5, temperature: 40°C) 
was sprayed on a specimen for 8 seconds and then washed with water. After drying, the film residual percentage was 
measured by the infrared spectroscopic analysis and evaluated. 

® : No residual film. 

O: Film residual percentage was 5% or less. 

A: Film residual percentage was in excess of 5% but 10% or less. 

x : Film residual percentage was in excess of 10%. 

(4) Evaluation of Corrosion Resistance 

[0078] The corrosion resistance against gasoline was evaluated. More specifically, a sample drawn into a flat bottom 
cylinder having a flange width of 80 mm, a diameter of 50 mm and a depth of 20 mm by a hydraulic molding machine 
was dipped in a test solution and a glass lid was fixed through a silicon rubber-made ring. After this test, the corroded 
state was observed with an eye. The sample used was degreased to remove the lubricating resin film after the drawing. 
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<Test Conditions> 
[0079] 

s Test Solution: gasoline + distilled water 10% + formic acid 200 ppm 
Test Period: 5 weeks at 40*C 

<Criteria of Evaluation> 

10 [0080] 

O: Red rust generation was less than 0.1%. 

A: Red rust generation was from 0.1% to less than 5%. 

x : Red rust generation was 5% or more. 

15 

[0081] As seen in Tables 2 and 3, the soluble lubricating surface-treated stainless steel sheets according to the 
present invention all exhibit excellent shapability and, after working, have high corrosion resistance and good film 
removability and is retarded to generate gases. 

20 
25 
30 
35 
40 
45 
50 
55 
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Table 2 
Evaluation Results 



5 




NO . 


Kind of Stainless Steel 
Sheet 


Amount of 
Chroma te 
Attached 
(mg/m J ) 


Kind of 
Lubricating 
Film Resin 






1 


Austenite-type A 


untreated 


Ur ethane A 


10 




2 


Austenite-type B 


untreated 


Urethane A 






3 


Austenite-type C 


untreated 


Ur ethane A 






4 


Austen it© -type D 


untreated 


Urethane A 






5 


Ferrite-type E 


untreated 


Ur ethane A 






6 


Ferrite-type F 


untreated 


Urethane A 


15 




7 


Two phase- type G 


untreated 


Urethane A 






8 


Ferrite-type E 


untreated 


FEG-A 






9 


Ferrite-type E 


untreated 


PEG-B 








Ferrite-type E 


untreated 


PPG 






11 


Ferrite-type E 


untreated 


PVA 


20 




12 


Ferrite-type E 


untreated 


Acryl 




Invention 


13 


Ferrite-type E 


untreated 


Urethane A 




14 


Ferrite-type E 


untreated 


Urethane A 






15 


Ferrite-type E 


untreated 


Urethane A 






16 


Ferrite-type E 


untreated 


Urethane A 


25 




17 


Ferrite-type E 


untreated 


Urethane A 






18 


Ferrite-type E 


untreated 


Urethane A 






19 


Ferrite-type E 


untreated 


Urethane A 






20 


Ferrite-type E 


untreated 


Urethane B 






21 


Ferrite-type E 


untreated 


Urethane C 


30 




22 


Ferrite-type E 


untreated 


Urethane A 






23 


Austenite-type A 


untreated 


Urethane B 






24 


Austenite-type A 


untreated 


Urethane C 






25 


Ferrite-type E 


untreated 


Urethane D 






26 


Ferrite-type E 


untreated 


Urethane D 


35 




1 


Austenite-type A 


untreated 


untreated 






2 


Austenite-type B 


untreated 


untreated 




Comparative 
Example 


3 


Austenite-type C 


untreated 


untreated 




4 


Austenite-type D 


untreated 


untreated 




5 


Ferrite-type E 


untreated 


untreated 


40 




6 


Ferrite-type F 


untreated 


untreated 






7 


Two phase- type G 


untreated 


untreated 



45 



50 



12 
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Table 2 (continued) 



5 



10 



15 



20 



25 



30 



35 



40 





NO . 


Kind of Solid Lubricant and Con 


position 




Fi Ira 

ness 




DP Mis v 

tr b wax 

Q 

o 


PTFE 
Wax 


Paraffin 
Wax 


Calcium 
Stearate 
Wax 


S iT i ca 


Amount 
Added 
(%) 


Amount 
Added 
{%) 


Amount 
Added 
(%) 


Amount 
Added 
(%> 


Amount 
Added 
(%) 


Amount 
Added 
(%) 


(urn) 


Invention 


X 


10 










0 


1.0 


o 


10 










0 


1.0 




10 










0 


1.0 


4 


10 










0 


1.0 


5 


10 










0 


1.0 




10 










0 


1.0 


7 


10 










0 


1.0 


8 


10 










'• 0 


1.0 


9 


10 






— 


-- - 


0 


1.0 


10 


10 










0 


1.0 


11 


10 










0 


1 . 0 


12 


10 










0 


1.0 


13 




10 








0 


1.0 


14 






10 






0 


1.0 










10 




0 


1.0 












10 


0 


1.0 


1 ' 


10 










10 


1.0 


1 A 


15 










0 


3.0 


1 Q 


10 










0 


2.0 


o n 
*U 


10 










0 


1.0 


**i 
*1 


10 










0 


1.0 




10 










0 


0.5 




10 










0 


5.0 


24 


10 










0 


1.0 


25 


10 










0 


1.0 


26 




10 








0 


1.0 


Comparative 
Example 


1 
















2 
















3 
















4 
















5 
















6 


















7 

















45 
50 
55 
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Table 2 (continued) 













Evaluation 


Evaluation of 




5 






Glass 
Transi- 




Results of Mold 
Galling Property 


Degreasing 
Property, Film 








No. 


tion 
Temper- 
ature 


LDR 


room 
temper- 


100*C 


Residual 
Percentage 
after 


W w ^ 1 U J 

Resistance 


10 






(°C) 




ature 




Degreasing- 
with Alkali 








X 


Z uu 


9 0*5 
2 . 22 


® 


® 


(2> 


U 










Z . z2 


® 


® 


(2) 


u 






9, 


9no 


9 91 


® 


® 


\Q) 




15 




4 


200 


2 20 


® 


® 




r\ 






5 


200 




® 


® 




r\ 
KJ 






g 




2 


® 


© 


(rs\ r. 


r\ 
\J 






7 


200 


2 11 


® 


® 


\Q) 


r\ 
\J 


20 




9 




2 . 28 


0 


A 




r\ 
\J 






9 




2 28 


o 


A 


fr!\ 


r\ 
\J 






10 




2 2fl 


0 


A 


v2> 


r\ 
sJ 






\\ 




9 9P 
* . it) 


0 


A 




r\ 
KJ 


25 




12 




9 9Q 
Z . Za 


® 


A 


U 


U 




Invention 


1 *\ 


ono, 
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PEG-A: polyethylene glycol (molecular weight: 20,000) 

PEG-B: isocyanate-modified polyethylene glycol (molecular weight: 60,000 
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PPG: polypropylene glycol (molecular weight: 20,000) 

PVA: polyvinyl alcohol (complete saponification type) 

Acryl: a mixture ot acrylic acid-sty rene-maleic acid 

Urethane A to D: Urethane Compositions A to D. described in Examples. 



Kind of solid lubricant: 
[0083] 

10 PE Wax A: low density polyethylene wax, softening point: 1 1 0°C, average particle size: 4.0 urn 

PE Wax B: low density polyethylene wax, softening point: 110°C, average particle size: 2.5 \im 
PTFE Wax: polytetrafluoroethylene wax, average particle size: 3.5 pjn 
Paraffin wax: synthetic paraffin wax, melting point: 105°C, average particle size: 5.0 \im 
Calcium stearate wax: average particle size: 2.0 nm Silica: 

15 Colloidal silica: average particle size: 1 0 to 20 nm, pH: 8.6, heating residue: about 20% 
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Table 3 
Evaluation Results 
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Kind of Stainless Steel 
Sheet 


Amount of 
Chroma te 
Attached 
(mg/nr) 
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Lubricating 
Film Resin 
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Austenite-type A 


20 


Ure thane A 




oo 
ZO 


Austenite-type B 
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Table 3 (continued) 
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Table 3 (continued) 
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Resin: 
55 [0084] 

PEG-A: polyethylene glycol (molecular weight: 20,000) 

PEG-B: isocyanate-modified polyethylene glycol (molecular weight: 60,000 
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PPG: polypropylene glycol (molecular weight: 20,000) 

PVA: polyvinyl alcohol (complete saponification type) 

Acryl: a mixture of acrylic acid-styrene-maleic acid 

Urethane A to D: Urethane Compositions A to D described in Examples. 

Kind of solid lubricant: 



[0085] 



w pe Wax A: low density polyethylene wax, softening point: 110°C, average particle size: 4.0 |xm 

PE Wax B: low density polyethylene wax, softening point: 110°C, average particle size: 2.5 fim 
PTFE Wax: polytetrafluoroethylene wax, average particle size: 3.5 u.m 
Paraffin wax: synthetic paraffin wax, melting point: 1 05°C ! average particle size: 5.0 yam 
Calcium stearate wax: average particle size: 2.0 urn Silica: 

15 Colloidal silica: average particle size: 10 to 20 nm, pH: 8.6, heating residue: about 20% 

According to the present invention, a soluble lubricating surface-treated stainless steel sheet with excellent shapa- 
bility for fuel tanks and a method for producing a fuel tank can be provided and this greatly contributes to uses for 
fuel tanks. Accordingly, the industrial value of the present invention is very high. 

20 

Claims 



1. A soluble lubricating surface-treated stainless steel sheet with excellent shapability for fuel tanks, comprising a 
substrate having on both surfaces or one surface thereof a soluble lubricating resin film, said substrate being a 

25 stainless steel sheet selected from an austenite-type stainless steel sheet, a ferrite-type stainless steel sheet and 

a two phase-type stainless steel sheet. 

2. A soluble lubricating surface-treated stainless steel sheet with excellent shapability for fuel tanks, comprising a 
substrate having on both surfaces or one surface thereof a soluble lubricating resin film mainly comprising (A) a 

30 soluble polyurethane resin composition containing a carboxyl group or a sulfonic acid group within the molecule 

and having a glass transition point of 1 00°C or more as a dry film and (B) a lubricating function-imparting agent in 
an amount of from 1 to 30% by mass based on said soluble polyurethane resin composition, said substrate being 
a stainless steel sheet selected from an austenite-type stainless steel sheet, a ferrite-type stainless steel sheet 
and a two phase-type stainless steel sheet. 

35 

3. A soluble lubricating surface-treated stainless steel sheet with excellent shapability for fuel tanks, comprising a 
substrate having on both surfaces or one surface thereof a soluble lubricating resin film mainly comprising (A) a 
soluble polyurethane resin composition containing a carboxyl group or a sulfonic acid group within the molecule 
and having a glass transition point of 1 00°C or more as a dry film, (B) a lubricating function-imparting agent in an 

40 amount of from 1 to 30% by mass based on said soluble polyurethane resin composition and (C) silica particles 

in an amount of 1 to 30% by mass based on said soluble polyurethane resin composition, said substrate being a 
stainless steel sheet selected from an austenite-type stainless steel sheet, a ferrite-type stainless steel sheet and 
a two phase-type stainless steel sheet. 

<5 4. The soluble lubricating surface-treated stainless steel sheet for fuel tanks as claimed in claim 2 or 3, wherein the 
amount of an acid group contained in (A) the soluble polyurethane resin composition for forming a soluble lubri- 
cating resin film is from 30 to 180 in terms of an acid value. 

5. The soluble lubricating surface-treated stainless steel sheet for fuel tanks as claimed in. any one of claims 2 to 4, 
so wherein the neutralizer for the acid group contained in (A) the soluble polyurethane resin composition for forming 

a soluble lubricating resin film is sodium hydroxide or potassium hydroxide. 

6. The soluble lubricating surface-treated stainless steel sheet for fuel tanks as claimed in any one of claims 2 to 5, 
wherein the main component constituting (A) the soluble polyurethane resin composition for forming a soluble 

55 lubricating resin film is polyester polyol. 

7. The soluble lubricating surface-treated stainless steel sheet for fuel tanks as claimed in any one of claims 2 to 5, 
wherein the main component constituting (A) the soluble polyurethane resin composition for forming a soluble 
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lubricating resin film is polyether polyol. 

The soluble lubricating surface-treateo stainless steel sheet tor fuel tanks as claimed in any one of claims 2 to 7, 
wherein the lubricating function-imparting agent (B) comprises one or more members selected-from the group 
consisting of polyolefin-based wax, fluorine-containing wax, paraffin -based wax and stearic acid-based wax. - 

The soluble lubricating surface-treated stainless steel sheet for fuel tanks as claimed in any one of claims 1 to 8, 
wherein the substrate is an austenite-type stainless steel sheet comprising, in % by mass: \ 



11. The soluble lubricating surface-treated stainless steel sheet for fuel tanks as claimed in any one of claims 1 to 8, 
wherein the substrate is a two phase-type stainless steel sheet comprising, in % by mass: 



1 <> C: 0.5% or less, ] 

Si: 5% or less, * 

Mn: 15% or less, \ 

P: 0.1% or less, j 

S: 0.05% or less, ; S 

>5 Ni: 6 to 20%, ; 

Cr: 15 to 30%, j 

N: 0.5% or less, and \ 

Al: 0.001 to 5% - .... - ; 

20 with the balance consisting of Fe and inevitable impurities. j 

X 

10. The soluble* lubricating surface-treated stainless steel sheet for fuel tanks as claimed in any one of claims 1 to 8, \ 

wherein the substrate is a ferrite-type stainless steel sheet comprising, in % by mass: J 

25 C: 0.5% or less, \ 

Si: 3% or less, .] 

Mn: 5% or less, ;] 

P: 0.1% or less, | 

S: 0.05% or less, \ 

30 Ni: 5% or less, j 

Cr: 9 to 30%, i 
N: 0.2% or less, and 

Al: 0.001 to 5% with the balance consisting of Fe and inevitable Impurities. i 



C: 0.5% or less, ] 

Si: 5% or less, J 

40 Mn: 15% or less, | 

P: 0.1% or less, j 

S: 0.05% or less, | 

Ni:2to20%, | 

Cr: 12 to 30%, $ 

45 N: 0.5% or less, and i 

Ai: 0.001 to 5% with the balance consisting of Fe and inevitable impurities. 1 

-5 

12. The soluble lubricating surface-treated stainless steel sheet for fuel tanks as claimed in any one of claims 9 to 11 , | 

wherein the substrate stainless steel sheet further comprises one or more of, in %. by mass: t 

Mo: 0.01 to 8%, j 

Cu: 0.01 to 5%, } 

Tl: 0.01 to 1%, I 

Nb: 0.01 to 1%, | 

55 V: 0.01 to 1%, | 

Mg: 0.001 to 0.1%, f 

Ca: 0.001 to 0.1%, - J 

B: 0.0005 to 0.05%, and i 
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W: 0.01 to 5%. 

13. A method for manufacturing a fuel tank, comprising a step of molding the soluble lubricating surface-treated stain- 
less steel sheet for fuel tank, which is covered with a soluble lubricating resin film, as claimed in any one of claims 
1 to 12, a step of treating the molded soluble lubricating surface-treated stainless steel sheet with" an alkali or hot 
water to remove said soluble lubricating resin film, and a step of welding said soluble lubricating surface-treated 
stainless steel sheet after the removal of said soluble lubricating resin film. 
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: ig. 2 Effect of cold working on mechanical properties of stainless steels, (a) Type 301 . (b) Type 305 



ents as well as very low nitrogen contents. Stabil- 
izing elements such as titanium and niobium can 
>e added to prevent sensitization and to improve 
is-welded properties. 

Austenitic stainless steels constitute the 
argest stainless family in terms of number of aJ- 
oys and usage. Like the ferritic alloys, they can- 
lot be hardened by heat treatment. However, their 
iimilarity ends there. The austenitic alloys are 
nonmagnetic, and their structure is face-centered - 
:ubic (fee), like that of high-temperature (900 to 
1400 °C t or 1650 to 2550 °F) iron. They possess 
ixcellent ductility, formability, and toughness, 
sven at cryogenic temperatures. In addition, they 
:an be substantially hardened by cold work. 

Although nickel is the chief element used to 
stabilize austenite, carbon and nitrogen are also 
used because they are readily soluble in the fee 
structure. A wide range of corrosion resistance 
can be achieved by balancing the ferrite-forming 
elements, such as chromium and molybdenum, 
with austenite-forming elements. 

Austenitic stainless steels can be subdivided 
into two categories: chromium-nickel alloys, 
such as S30400 and S3 1600, and chromium -man- 
ganese-nitrogen alloys, such as S20100 and 
S24100. The latter group generally contains less 
nickel and maintains the austenitic structure with 
high levels of nitrogen. Manganese (5 to 20%) is 
necessary in these low-nickel alloys to increase ni- 
trogen solubility in austenite and to prevent marten- 
site transformation. The addition of nitrogen also 
increases the strength of austenitic alloys. Typical 
chromium-nickel alloys have tensile yield strengths 
from 200 to 275 MPa (30 to 40 ksi) in the annealed 
condition, whereas the high-nitrogen alloys have 
yield strengths up to 500 MPa (70 ksi). 

As previously mentioned, austenitic alloys 
can be substantially hardened by cold working. 



The degree of work hardening depends on the al- 
loy content, with increasing alloy content de- 
creasing the work-hardening rate. Figure 2 
depicts the higher work-hardening rate of type 
301 (7% Ni) versus that of type 305 (1 1.5% Ni), 
which is primarily due to its lower nickel content. 
Austenitic stainless steels that have a low alloy 
content, such as S20100, S20161, S30100, and 
S30400, often become magnetic because of the 
transformation to martensite when sufficiently 
cold worked or heavily deformed in machining or 
forming operations. The rapid work hardening of 
S20161 is a major advantage in sliding wear. In 
S30430, copper is intentionally added to lower 
the work-hardening rate for enhanced headability 
in the production of fasteners. 

Another property that depends on alloy con- 
tent is corrosion resistance. Molybdenum is added 
to S3 1700 and S3 1600 to enhance corrosion resis- 
tance in chloride environments. High-chromium 
grades (S30900 and S3 1 000) are used in oxidizing 
environments and high-temperature applications, 
whereas a high-nickel grade (N08020) is used in se- 
vere reducing acid environments. To prevent inter- 
granular corrosion after elevated-temperature 
exposure, titanium or niobium is added to stabi- 
lized carbon in S32100 or S34700. Also, lower- 
carbon grades (AISI L or S designations), such as 
S30403 (type 304L), have been established to pre- 
vent intergranular corrosion. Some of the more 
corrosion-resistant alloys, such as N08020 (20Cb- 
3), have nickel levels high enough (32 to 38% Ni) to 
rate classification as nickel-base alloys. Alloys con- 
taining nickel, molybdenum (~ 6%) and nitrogen 
(-0.20%) are sometimes referred to as su- 
peraustenitics (Fig. 1). 

Martensitic stainless steels are similar to 
iron-carbon alloys that are austenitized, hardened 
by quenching, and then tempered for increased 
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ductility and toughness. These alloys are mag- 
netic, and their heat-treated structure is body-cen- 
tered tetragonal (bet). In the annealed condition, 
they have a tensile yield strength of about 275 
MPa (40 ksi) and are generally machined, cold 
formed, and cold worked in this condition. 

The strength obtained by heat treatment de- 
pends on the carbon content of the alloy. Increas- 
ing carbon content increases strength but 
decreases ductility and toughness. The most com- 
monly used alloy in this family is S41000, which 
contains about 12% Cr and 0.1% C. This alloy is 
tempered to a variety of hardness levels, from 20 
to 40 HRC. Both chromium and carbon contents 
are increased in alloys S42000, S44002, S44003, 
and S44004. The first of these contains 14% Cr 
and 0.3% C and has a hardness capability of SO 
HRC. The other three alloys contain 16% Cr and 
firom0.6to 1. 1 %C. These alloys are capable of 60 
HRC and a tensile yield strength of 1900 MPa 
(280 ksi). The amount of primary carbides in- 
creases with increased carbon content in these 
three alloys. 

Wear resistance for martensitic stainless steels 
is very dependent on carbon content S44004 
(1.1% C) has excellent adhesive and abrasive 
wear, similar to tool steels, whereas S41000 
(0. 1 % C) has relatively poor wear resistance. The 
key to adhesive wear resistance is a high hardness. 
Abrasive wear resistance requires both high hard- 
ness and primary carbides. 

Molybdenum and nickel can be added to 
martensitic stainless steel to improve corrosion 
and toughness properties. Nickel also serves to 
maintain the desired microstructure, preventing 
excessive free ferrite when higher chromium lev- 
els are used to improve corrosion resistance. 
However, the addition of these elements is some- 
what restricted because higher amounts result in a 
microstructure that is not fully martensitic. 

Precipitation-hardenable (PH) stainless 
steels are chromium-nickel grades that can be 
hardened by an aging treatment. These grades are 
classified as austenitic (such as S66286), semi- 
austenitic (such as S 1 7700), or martensitic (such 
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